5 Key Points: 6 • A solar wind pressure step causes a brightening of the auroral oval and a pair of 7 pre-existing transpolar arcs (TPAs) 8 • The oval first brightens from dayside to nightside, and then the TPAs brighten 9 from nightside to dayside 10 • The observations suggest that the TPAs comprise closed field lines which stretch 11 up to 90 R E down-tail Abstract 13 We present observations of the northern hemisphere auroras taken with the Far UV cam-14 eras onboard the Imager for Magnetopause-to-Aurora Global Exploration (IMAGE) space-15 craft during a compression of the magnetosphere by a solar wind pressure step on 30 De-16 cember 2001. The compression occurs during a period of northward IMF which has given 17 rise to the presence of a pair of transpolar arcs (TPAs) near the dawnside oval. The com-18 pression causes a brightening of the oval, from dayside to nightside over the course of 19 10 mins, followed by a brightening of the midnight sector oval and TPAs from nightside 20 to dayside, again over 10 mins. We suggest that the brightening is caused by pitch an-21 gle scattering of particles trapped on closed magnetic field lines, and that the sequence 22 of the brightening tracks the solar wind pressure step as it progresses along the length 23 of the magnetotail. Travelling at 600 km s −1 , the step reaches up to 90 R E down-tail 24 over the period of brightening, suggesting that the magnetic field lines which map to the 25 TPAs are closed and stretch almost this length down-tail. 26 Plain Language Summary 27
tating particles. Subsequent motion of the TPA was proposed to be controlled by lobe 2018)). In addition, in situ mea-82 surements at high altitude above a TPA near the centre of the polar cap have shown a 83 plasma sheet-like particle population with a double loss-cone, suggestive of closed field 84 lines embedded within the otherwise open lobe (Fear et al., 2014) . On the other hand, 85 low altitude particle measurements have suggested that a TPA lying adjacent to the dusk 86 or dawn auroral oval may not be separate from the plasma sheet, but just represent a 87 poleward extension of the plasma sheet in that local time sector (Newell et al., 2009) . 88 If TPAs are indeed closed, this suggests that they should form conjugate auroral 89 phenomena in the two hemispheres, though the model of Milan et al. (2005) suggests that 90 a duskside TPA in one hemisphere should map to a dawnside TPA in the other, at least 91 initially after formation, before subsequent dawn-dusk motions take place. Simultane-92 ous auroral imaging of both hemispheres is rare. However, conjugate TPAs have been 93 observed (e.g., Craven et al. (1991) , Carter et al. (2017) ; Reidy et al. (2018) ), but there 94 are also counterexamples in which a TPA is observed only in one hemisphere (e.g., Østgaard 95 et al. (2003) The present study goes some way to answering this question, by considering au-107 roral observations from a period when the magnetosphere is struck by a solar wind pres-108 sure step, which causes a brightening of the auroral oval and a pair of pre-existing TPAs.
109
The observed sequence of brightening suggests that the TPAs are indeed closed, and that 110 these closed field lines stretch as far as 90 R E behind the Earth. by the Far UV instrument onboard the Imager for Magnetopause-to-Aurora Global Ex-114 ploration (IMAGE) spacecraft (Mende, Heetderks, Frey, Lampton, et al., 2000; Mende 115 et al., 2000; Mende, Heetderks, Frey, Stock, et al., 2000) . The Wideband Imaging Cam-116 era (WIC) and Spectrographic Imager (SI12) generated 10 s-and 5 s-integrated images 117 of emissions produced by (predominantly) electron and proton precipitation, respectively, 118 with a cadence of approximately 123 s. IMAGE was in an elliptical polar orbit that al-119 lowed imaging of the auroras for 10 h of each 14-h orbit. We also employ 1 min-cadence (c)), before merging with the nightside auroral oval. 182 We now investigate the brightening in response to the pressure step in more de- TPAs respond. We note that examination of Fig. 1(b) suggests that although the au-199 roral oval brightens promptly, the brightening of the TPAs is delayed by 10 or more min-200 utes.
201
To examine this delay in more detail, Figure 3 presents the sequence of WIC and 202 SI12 images (first and third rows, respectively) from just after the arrival of the step to 203 24 mins after. To aid the eye, the second and fourth rows present difference images, that 204 is, each image subtracted from the image immediately before, with red and blue indi-205 cating that the image has brightened or dimmed, respectively. its whole length, which corresponds to the brightening of TPA2 seen in Fig. 2(b) . 220 We examine this combined brightening of the midnight sector oval and TPA1 in We presume that the progression of the brightening of the oval and the TPAs tracks 231 the solar wind step as it engulfs the magnetosphere (Zhou & Tsurutani, 1999; Tsuru-232 tani et al., 2001; Meurant et al., 2004; Tsurutani et al., 2011) , first impacting the day-233 side magnetopause, moving around the flanks, and then progressing along the length of 234 the magnetotail. We suggest that as the magnetotail is compressed, a reduction in the 235 radius of curvature of field lines where they cross the neutral sheet causes pitch angle 236 scattering of particles into the loss cone, which in turn produces a brightening of the oval 237 or TPAs. In other words, the TPAs must comprise closed field lines, and as the night-238 side oval and TPA1 brighten simultaneously they map to similar distances down-tail. As 239 TPA2 brightens last, it maps further down-tail.
240
-8-©2020 American Geophysical Union. All rights reserved. The solar wind step is travelling with a speed close to 600 km s −1 , meaning that progressed to X ≈ −74 R E down-tail. This indicates that TPA1 maps to the mid-and 248 far-tail plasma sheet region, the same distances that map to the main oval. TPA2 bright-249 ens just after this, so maps to the region −90 > X > −75 R E . 250 Figure 5 presents a schematic of our proposed magnetotail structure based upon 251 these observations, at around 20:17 UT when the pressure step has reached the mid-tail. comprising TPA1 and TPA2, respectively; these schematics are not strictly in meridional 272 planes but follow the mapping of TPA1 and TPA2 between the hemispheres. The TPA 273 field-lines are less "tail-like" than the field lines that map to the adjacent main oval and 274 lobes. As the pressure step travels along the magnetotail, the field lines crossing the equa-275 torial plane at the front of the compression map to progressively higher latitudes and 276 a progressive sunwards brightening is observed in both the main oval and TPA1.
277
This magnetic field configuration might indicate that there is a reduction in the 278 cross-tail current in the locality of the TPAs, as the field is less tail-like where they cross 279 Z = 0, and this could lead to a field-aligned current structure reminiscent of a narrow 280 substorm current wedge (see, e.g., Kepko et al. (2015) ). Moreover, the field lines that 281 comprise the TPAs are clearly distinct from the field lines comprising the adjacent dawn-282 side oval, and hence the TPAs do not represent a poleward extension of the plasma sheet 283 in this local time sector.
284
TPA2 brightens last, indicating that its field lines stretch slightly further down-tail 285 that the field lines comprising the main oval plasma sheet and TPA1. As TPA2 formed 286 after TPA1, this suggests that the magnetic reconnection that closed these field lines oc- The progressive brightening of the auroral oval and a pair of transpolar arcs (TPA1 292 and TPA2) in response to the compression of the magnetosphere by a solar wind pres-293 sure step has allowed us for the first time to remotely-sense the magnetic structure of 294 TPAs. The oval brightened first at noon, then around the flanks (electron and proton 295 auroras dominated at dawn and dusk, respectively), then onto the low-latitude portion 296 of the nightside oval. The nightside oval then brightened polewards, simultaneously with 297 a sunward brightening of TPA1. TPA2 brightened last of all. We conclude that the TPAs 298 comprised closed field lines in a narrow local time sector that map to the plasma sheet 299 between (approximately) −90 > X > −18 R E . The poleward edge of the midnight-300 sector main oval and the sunward tip of TPA1 brightened at the same time, indicating 301 that they mapped to similar distances down-tail. TPA2, which formed more recently than 302 TPA1, brightened last, suggesting that its field lines mapped even further down-tail. As 303 the two TPAs appeared adjacent to each other in the polar cap, the magnetic mapping 304 from the ionosphere to the distant magnetotail was complex. The inferred mapping of 305 TPA1 suggests that the edges of the TPA may be associated with field-aligned currents 306 which could arise due to a reduction of the cross-tail current in the local time sector of 307 the TPAs.
308
The region to which the TPAs mapped are rarely accessed by spacecraft. This unique 309 set of observations has allowed us to probe the complex magnetic structure of the dis-310 tant magnetotail under northward IMF conditions. 311
